near equilibrium between parasite, vector and host is known as "endemic stability" (Norval, Perry & Young 1992) . Norval et al. (1992) describe endemic stability as a "climax relationship between host, vector and environment in which all coexist with the virtual absence of clinical theileriosis, while endemic instability means an incomplete relationship in which clinical disease occurs". In the case of T. parva infections, endemic stability is defined as "the state in a cattle population in which the majority of that population becomes immune by six months of age and little or no disease occurs". This state exists when (1) the large majority of young calves (< 6 months) are exposed to a low but continuous T. parva challenge; (2) the cattle population possesses a low innate susceptibility to the effects of T. parva infection; and (3) there is little seasonal variation in calving providing a steady presentation of a susceptible calf population to R. appendiculatus throughout the year. A typical ECF-endemic state is characterized by rare clinical disease with low mortality rates that are limited to young stock. This state is found in few localised parts of Africa, chiefly on the East African highlands where the local Zebu cattle are maintained under extensive management conditions with little or no efficacious acaricide application and where R. appendiculatus can undergo at least two generations annually (Perry 1994 ). Under such circumstances greater numbers of cattle are reservoirs of T. parva at low levels of parasitaemia. Consequently, ticks bear low infection rates. Calves born in these areas become immune through natural infection before they are three months old (Moll, Lohding & Young 1984; Moll, Lohding, Young & Leitch 1986) and therefore little or no clinical disease occurs. Parameters used to characterize endemic stability are the antibody prevalence of calves (Deem, Perry, Katende, McDermott, Mahan, Maloo, Morzaria, Musoke & Rowlands 1993) and age specific morbidity and mortality rates (Norval et al. 1992) .
Settlers in the Ankole ranching scheme (ARS) rely mainly on acaricides to control ticks. However, acaricides are rarely used correctly and tick control is inefficient. East Coast fever is the most frequent TBD in the ARS with an estimated sero-prevalence of 72 % (Heuer 1995) . Because calves are exposed at a young age and the vector, R. appendiculatus, is assumed to be present throughout the year, it is probable that endemic stability against T. parva exists in cattle in the ARS. If so, it might be advisable to reduce the level of tick control. This would alleviate a substantial financial burden on households (Brandl, Heuer, Kiryapawo, Mugisha, Schulz & Schwartz 1995) . This study addressed the question as to whether or not endemic stability to ECF exists in the ARS cattle.
MATERIALS AND METHODS

Study area and husbandry practices
The ARS is a confined area of approximately 1 500 km 2 in Nyabushozi County close to Lake Mburo and Mburo National Park in Mbarara district, south-west Uganda. It is an ECF-endemic area with a bimodal rainfall pattern, with rain in March to May and September to November. The annual rainfall ranges between 750 and 875 mm. Cattle of the Ankole breed (Bos indicus) predominate. The cattle are maintained in a semi-pastoral, open grazing system. They are housed at night in bomas constructed from thorny tree branches to protect them from predators and thieves. During the night, unweaned calves are kept inside calf sheds, thereby limiting exposure to ticks. Milking is generally done once per day in the morning until the calves are about 3 months old. After the milking, the calves are allowed to suckle, and the cattle are then taken to their grazing plots that may be several kilometres away. Young calves (< 3 months old) are kept near the house during the day until the herd returns in the evening. They begin to accompany the herd at approximately 3 months of age. Three types of acaricides are used in the study area, viz. Bayticol® (flumethrin), Decatix® (deltamethrin) and Taktic® (amitraz).
Sampling technique
The reference population was all cattle in herds of the ARS. Two lists (A and B) each of 80 randomly selected herds were obtained from a sampling frame provided by the Ranch Restructuring Board. List A was the primary list for selection, list B was used to replace refusals or any lost sample during the study period. All calves in a selected herd that were born up to 1 month prior to the initial farm visit were included in the study and followed up to the age of 1 year. Calves that had died within 1 month of age and before the visit of the investigation team were assumed to have died from reasons other than ECF, because most calves were assumed to have protective maternally derived immunity against ECF during that period.
The following assumptions were made for the calculation of the sample size (Heuer 1995) : calving rate (0.40); gross calf mortality rate up to 1 year (P = 0.25); calf mortality due to ECF (0.05); no calving seasonality; average herd size (60 cows) and calves per cow per year (0.40). The sample size needed to estimate mortality due to ECF with an acceptable error (L) of ± 0.04 and 0.95 confidence was determined by the formula N = 4PQ/L 2 (Martin, Meek & Willeberg 1987) , resulting in N ~ 470. Since calves belonged to different herds and mortality due to ECF was thought to vary from herd to herd, mortality was assumed to correlate within the herd. To compensate for cluster effects the sample size was therefore increased two-fold, hence the required sample size was estimated as N = 940 calves.
The herds were visited every 8 weeks. Therefore, ten herd visits per week and two herds per day on a 5-day-week basis were performed. Because the calving rate was subsequently considered to be overestimated, and in order to include all seasons, the study period was extended to 1 year. All calves born during the study period were ear-tagged at the earliest visit after birth. Farmers were requested to keep records of date, animal identity and events such as birth, deaths, treatments, sale and purchase, acaricide use and occurrence of other diseases. Missing information in the farmers' information was supplemented by the completion of questionnaires. Tick infestation was estimated by counting the number of adult R. appendiculatus on the whole body of each calf. Blood was collected from each calf in 10 ml sterile Vacutainer® tubes (Sherwood, UK). After collection, the blood samples were stored in an icebox until transferred to a refrigerator (usually within 4 h). The following day, the sera were separated by centrifugation at 3 000 g for 20 min and stored at -20°C.
All serology was carried out at the International Livestock Research Institute (ILRI), Nairobi, Kenya. Because the field investigators could not observe tick control practices (TCP) during their application, it was necessary to rely on the information supplied by the herd owners. These practices were subsequently classified into four categories, i.e. 1= "pouron" (flumethrin or deltamethrin as a pour-on formulation), as "Amitraz" (usually applied as spray, rarely as dip), the latter, based on the dilution ratios, subdivided into 2 = "correct strength" and 3 = "under strength", or as 4 = "change" (herds changing these two compounds during the study). The study period was divided into four seasons, i.e. 1= long rains (August to December 1995), 2 = short rains (April to May 1996), 3 = short dry, (June to July 1996) and 4 = long dry (January to March 1997).
Serological test
The polymorphic immunodominant molecule (PIM) recombinant antigen ELISA was used to detect antibodies to T. parva (Katende, Toye, Skilton, Nene, Morzaria & Musoke 1997) . The ELISA results were expressed as percent positive (PP) values (Wright, Nilsson, Van Rooij, Lelenta & Jeggo 1993) . The ELISA has been estimated to have a sensitivity of 99 % and a specificity of 97 % (Katende et al. 1997) . Any reading of 15 PP or higher was considered positive.
Statistical analysis
Continuous PP values were regressed on age and TCP as main effects and season of birth and herdsize as potential confounders in a generalized linear model (SPSS for Windows, release 9.0.0). The farm was entered into the model as a random effect to account for herd clustering (McDermott, Schukken & Shoukri 1994) . A preliminary check of the data revealed age polynomials of up to the 4 th order to be more appropriate than the assumption of a straight-line association between age and PP. The age polynomials were therefore added to the model. Variables were considered significant at P < 0.05. Predicted values from the generalized linear model were plotted versus age to show the trend of PP relative to age up to 1 year.
Calf mortality was classified as caused by ECF according to farmer observations, or as caused by some other reason. East Coast fever's cumulative mortality (CM) was defined as the number of calves dying during an age-month divided by the number of calves starting the month minus half withdrawals unrelated to the cause of death (Thrusfield 1995) . Mean CM and 95 % confidence intervals were calculated for each month of age. To compare ECFrelated calf mortality between month of age, between season of birth and between the four TCP strata, an overall chi-square and pair-wise risk-rate differences (RRD) were calculated (Rothman & Greenland 1998) . Survival table analysis (Kramer 1988 ) was used to compare survival curves for ECF-related mortality with mortality due to other reasons. The survival curves were compared using the log rank test. Calves that were slaughtered, consumed, given away or lost to follow-up were treated as censored observations. The Pearson product moment correlation coefficient (r 2 ) was used to quantify the relationship between the rainfall pattern and the whole-body R. appendiculatus counts.
RESULTS
Descriptive results and distribution of risk factors
From 931 calves that entered the observation period, 122 calves were censored during the follow-up period of 12 months (sold, slaughtered, donated, or lost). Among these, 738 had one or more ELISA results yielding a total of 1 378 serum titres. Samples from 71 calves were discarded. The 738 calves were believed to be a random subset of the total calves studied. Table 1 summarizes the distribution of both herds and calves within the type of acaricide commonly used in the study area. A total of 81 herds, containing between five and 26 calves were recruited for the study. No farmer declined to participate in the study. Between January and April 1996 the study was interrupted for logistical and organisational reasons. However, the disruption had no major effect on the study. Calving seasonality was not observed. The observed whole-body R. appendiculatus counts were significantly associated (r 2 = 0.76, P = 0.000) with the recorded rainfall.
ECF-related mortality
Up to the age of 12 months, 31 calves died from ECF, while 29 died for other reasons. Adjusted for time at risk, the overall cumulative calf mortality of ECF and that for other reasons until 1 year of age were 0.054 ± 0. 01 and 0.053 ± 0.01, respectively. Thus, ECF contributed 50 % to the overall calf mortality. The ECF and non-ECF mortality rates were not statistically different (log rank-χ 2 = 0.016, 1 df). The ECF mortality was restricted to 21 % of all herds in which it varied from 4 % to 67 %, while 79 % of the herds had no ECF deaths. The intra-cluster correlation and variance inflation factor for calf mortality were 0.09 and 1.74, respectively. Applied to this resulted in an observed precision level of 0.023, as compared to the a priori required minimum precision of 0.04. The increase in precision was due to the extended observation period. The highest proportion of calves that died from ECF was 3 months of age. Fig. 1 shows the cumulative calf mortality of ECF. There was a significant association between age and ECF mortality (χ2 = 89.6, 3 df, P < 0.001); 29 % of ECF deaths occurred during the first 3 months of life and 71 % of deaths occurred up to 6 months of age. The association between ECF specific calf mortality and season of birth was significant (χ 2 = 39.9, 3 df, P < 0.0001). The observed cumulative ECF mortality (± standard error) in each season was 0.06 ± 0.01, 0.05 ± 0.02, 0.02 ± 0.01 and 0.004 ± 0.004 for the long rain, short rain, short dry and long dry seasons, respectively. Calf mortality due to ECF did not differ significantly between the TCP strata. The ECF cumulative mortality was 0.02 ± 0.01, 0.04 ± 0.01 and 0.07 ± 0.02 for the "correct-strength", "under-strength" and "change" categories, respectively. No calf deaths from ECF were observed in the "pour-on" category. The results from RRD are shown in Table 2 .
Theileria parva antibody prevalence
Average T. parva antibody responses in the Ankole calves between October 1995 and April 1997 are shown in Fig. 2 . The overall ECF challenge was high as 547 (74 %) of the calves were positive at the age > 6 months. The mean T. parva antibody titres were 46.4 ± 8.4, 37.9 ± 9.0, 33.0 ± 9.0 and 41.9 ± 9.0 for the four seasons, respectively. The seasonal means were significantly different (P < 0.001). There were no significant pair-wise differences between the mean PP by TCP. The mean PP with their respective standard error were 47.75 ± 33.55, 37.50 ± 17.5, 34.70 ± 7.0 and 39.81 ± 14.2 for the "pour-on", "correct-strength", "under-strength" and "change" strata, respectively. Mean T. parva antibody titres adjusted for age, TCP, season of birth and herd size were significantly different among the 81 herds (P < 0.001). The proportion of calves that were positive to T. parva ELISA (i.e. > 15 PP) by TCP was 72 % (pour-on), 85 % (correct strength), 80 % (under-strength) and 85 % (change). The GLM results indicated that calf age, season of birth and herd were significantly associated with variations in antibody prevalence to T. parva. Age and three polynomials of age fitted the data best. The trend line of Fig. 2 shows that PP was high at birth, dropped to the lowest level at 4 months of age, then increased sharply until 9 months and remained constant thereafter.
DISCUSSION
Endemic stability for ECF is more likely to exist where the prevalence of serum antibodies to T. parva is high (> 70 %), while an unstable state is characterized by low (< 30 %) antibody prevalence (Norval et al. 1992; Perry & Young 1995) . Moreover, a stable state is characterized by at least 40 % seroprevalence among calves up to 6 months of age (FAO 1986) . Likewise, endemic stability is characterized by mortality between 0-1.4 %, confined mainly to calves. Mortality incidences in the order of 5-10 % and 20 % or above are characteristic fea- Usually applied as a spray wash, rarely a dip FAO 1986) . According to these definitions 96 % (78/81) of all herds investigated in this study were considered to be in a state of endemic stability as the serum antibody prevalence was over 70 % from 6 months of age onwards. This implies that the pool of susceptible animals may be too small for an outbreak of ECF.
The herd effect on sero-prevalence may be explained by differences in management such as communal grazing, distance to and tick infestation at watering points, herd locations, differences in the age and night housing of calves. Serum antibody prevalence was highly correlated with age and to a lesser extent with season of calving. High titres at birth which decline until 3 months of age reflect a typical pattern of a decay of initially high maternally-derived antibodies. After weaning at about 3-4 months of age, the serum titres increased, probably because of increased exposure to infected ticks after the calves had started to accompany their dams for grazing. As antibodies were lowest at 3-4 months of age, ECF specific mortality was highest and tended to decline as antibodies increased sharply.
The overall incidence of mortality due to ECF up to 12 months of age (5.4 %) was higher than expected in an endemically stable state (Norval et al. 1992) even though ECF mortality only affected 29 % of the study herds. A possible explanation for this high mortality is a bias in the diagnosis. In this study, incentives were offered to farmers for bringing calves suspected to have died from ECF to the local veterinary office. However, this strategy was not successful. Thus, we had to rely on the herders for information on the suspected cause of mortality. East Coast fever was the most popular of all calf diseases due to a long history of acaricide use in Uganda and herders are obliged by law to use acaricides against tick infestations. Because of the high awareness of the herders for ECF, a number of calf deaths for other reasons were presumed to be misclassified as ECF. Our overall estimate of ECFrelated mortality was therefore probably too high. However, the bias was unlikely to affect the agerelated pattern. Consequently, the apparent high mortality was not considered as reliable evidence against endemic instability. Nevertheless, we think that some true ECF-related calf mortality did occur and was possibly facilitated by starvation stress, parasite infestation and other diseases, for example Escherichia coli infection (Moll et al. 1984 (Moll et al. , 1986 ).
The TCP categories were very crude and probably did not adequately reflect the differences in tick control. However, the conditions of this study did not allow a more refined description. This was probably one reason for the lack of statistically significant differences in ECF-related mortality as well as seropositivity between the TCP strata. In addition, because tick control is prescribed by law, information from farmers on the effectiveness of tick control in their herds may have been exaggerated. The study team had the unanimous view that tick control was largely inefficient throughout the ARS.
Lack of calving seasonality, permanent R. appendiculatus challenge and high sero-prevalence to T. parva antibody at an early age strongly suggested endemic stability in the cattle population of the ARS. Consequently, cattle herders in the scheme could save the very considerable cost of tick control (Heuer 1995) .
